Background Pseudomonas aeruginosa chronic pulmonary infection is an unfavourable event in cystic fibrosis. Bacterial clearance is possible with an early antibiotic treatment upon pathogen isolation. Currently, no best practice exists for early treatment. The efficacy of two different regimens against initial P aeruginosa infection was assessed. Methods In a randomised, open-label, parallel-group study involving 13 centres, the superiority of inhaled tobramycin/oral ciprofloxacin compared with inhaled colistin/oral ciprofloxacin (reference treatment) over 28 days was evaluated. Patients were eligible if they were older than 1 year with first or new P aeruginosa isolation. Treatments were assigned equally by centralised balanced randomisation, stratified by age and forced expiratory volume in 1 s values. The participants and those giving the intervention were not masked to arm assignments. The primary endpoint was P aeruginosa eradication, defined as three successive negative cultures in 6 months. Analysis was by intention to treat. This trial was registered with EudraCT, number 2008-006502-42. Results 105 patients were assigned to inhaled colistin/ oral ciprofloxacin (arm A) and 118 to inhaled tobramycin/ oral ciprofloxacin (arm B). All patients were analysed. P aeruginosa was eradicated in 66 (62.8%) patients in arm A and in 77 (65.2%) in arm B (OR 0.90, 95% CI 0.52 to 1.55, p¼0.81). Following treatment, an increase in Stenotrophomonas maltophilia was noted (OR 3.97, 95% CI 2.27 to 6.94, p¼0.001) with no differences between the two arms (OR 0.89, 95% CI 0.44 to 1.78, p¼0.88). Conclusions No superiority of treatment under study was demonstrated in comparison to the reference treatment. Early eradication treatment was associated with an increase in S maltophilia.
INTRODUCTION
Chronic pulmonary infection by Pseudomonas aeruginosa is an unfavourable event in patients with cystic fibrosis (CF) associated with an increase in morbidity and mortality. Once chronic infection is established, P aeruginosa is virtually impossible to eradicate. 1e4 However, various studies have shown that bacterial clearance from the respiratory tract is possible with early antibiotic treatment upon isolation of this pathogen, 4e16 so aggressive antibiotic treatment of initial P aeruginosa infection is now recommended. 2 Several strategies exist to treat early P aeruginosa infection using inhaled colistin with oral ciprofloxacin or inhaled tobramycin or intravenous antibiotics. 1e17 To date, there is no clearly identified best practice for early treatment of P aeruginosa infection. Few studies have compared the efficacy of different treatments. 1 6 7 10 14e16 The ELITE trial compared the efficacy of a 28-day regimen with a 56-day regimen of inhaled tobramycin and showed no differences. 10 The EPIC study investigated the efficacy of four anti-pseudomonal regimens in children aged 1e12 years with recently acquired infection. No difference was found between cycled and culture-based therapies. Adding oral ciprofloxacin produced no benefits. 17 The primary aim of this multicentre, randomised study was to evaluate the efficacy of two different eradication treatments (oral ciprofloxacin and inhaled tobramycin compared with oral ciprofloxacin and inhaled colistin) over 28 days against initial P aeruginosa infection. Eradication is defined as three negative cultures within a 6-month period. 3 
Key messages
What is the key question?
< To clarify the efficacy of two different eradication treatments, oral ciprofloxacin and inhaled tobramycin (test treatment), compared with oral ciprofloxacin and inhaled colistin (reference treatment) over 28 days against initial Pseudomonas aeruginosa infection in cystic fibrosis.
What is the bottom line?
< To date, there is no clearly identified best practice for early treatment of P aeruginosa infection.
Why read on?
< To verify the efficacy of test treatment compared with reference treatment in eradicating P aeruginosa, increasing forced expiratory volume in 1 s values and modifying airways flora. The secondary aims were to verify if the treatment is equally effective in patients with first-ever P aeruginosa infection and previously treated patients; to evaluate FEV 1 at baseline and following treatment; to determine if differences exist between the two types of treatment referring to the P aeruginosa-free period; and to determine whether the eradication treatment is associated with the emergence of Burkholderia cepacia complex, other non-fermenter Gram negatives and Aspergillus spp.
METHODS
This was a multicentre, open-label, parallel-group study to evaluate the superiority of inhaled tobramycin and oral ciprofloxacin compared with inhaled colistin and oral ciprofloxacin considered as the reference treatment for eradication. 3 4 6 12 18 Patients in regular clinical and microbiological follow-up were considered eligible if older than 1 year with first or new P aeruginosa infection. New infection was defined as P aeruginosa isolation following bacterial clearance documented by three negative cultures in the previous 6 months. 3 CF diagnosis was based on clinical features of the disease and concentration of chloride in sweat >60 mmol/litre. 
Randomisation
A balanced randomisation sequence was created using statistical software to assign treatments within permuted blocks of size 10. Randomisation assignment was organised by email. Patients were allocated 1:1 and distributed into two groups, stratified according to age and FEV 1 values as an expression of illness severity: < age 1e5 years < age >5e12 with FEV 1 <70% < age >5e12 with FEV 1 >70% < age >12 with FEV 1 <70% < age >12 with FEV 1 >70%.
The people involved in randomisation and in the treatment assignments were kept separate.
Procedures
Microbiological analyses were performed following published literature. 19 Strain typing in the case of next P aeruginosa isolation was performed with repetitive PCR. 20 FEV 1 values were measured according to American Thoracic SocietyeEuropean Respiratory Society standards. 21 Patients received one of the two types of treatments for 28 days: twice-daily inhalation of 2 000 000 IU colistin and 30 mg/kg/day of oral ciprofloxacin, divided into two doses (arm A or active comparator) or twice-daily inhalation of 300 mg tobramycin solution for inhalation and 30 mg/kg/day of oral ciprofloxacin divided into two doses (arm B or test treatment). Colistin was reconstituted immediately before use and administered in isotonic solution (two phials of 1 000 000 IU in 2 ml of water for injections plus 2 ml of 0.9% sodium chloride). 3 Tobramycin solution for inhalation was dispensed as a ready-touse solution in either 300 mg/5 ml or 300 mg/4 ml phials. This trial was conducted using jet nebulisers. 3 Each physician in the respective centre provided the patients' clinical management, according to standards of care. 18 The treatment was suspended in the case of adverse effects or pulmonary exacerbation. 22 Nebulisers and drugs for treatment were covered by the Italian Health Service at no charge to the patients.
Outcomes
Treatment efficacy was evaluated according to the UK CF Trust criteria. 3 Results of cultures and clinical records were used to assess secondary aims. P aeruginosa microbiological status was evaluated using the Leeds criteria 23 after a median follow-up time of 16 months since recruitment.
Statistical analyses
This trial was designed calculating the sample size as a balance between statistical considerations and experience regarding epidemiology of first or new P aeruginosa infection. 24 We calculated sample size assuming 65% response to early eradication treatment lasting 4 weeks in the active control arm. We hypothesised recruiting 200 patients in a 2-year trial. The a (type I) error was set at 0.05, the b (type II) error at 70%. A 13% greater rate of eradication in arm B in comparison with arm A was considered as the level of superiority.
In relation to the primary aim of the study (bacterial eradication), a sequential statistical analysis using O'Brien-Fleming boundaries was used to determine the appropriate rules for trial interruption. 24 Four interim analyses (every 6 months) were planned before the start of the trial. The results of the interim analyses were presented to the Data Safety Monitoring Board overseeing the study to consider the option of early termination. The association of patients' baseline demographical and clinical characteristics on the primary outcome was evaluated using a test for interaction. For all subgroup analyses, unadjusted OR and relative 95% CI were used as a measure of treatment effect. Data regarding the primary aim was independent, with one observation per participant, and evaluated according to intention-to-treat analysis. 24 For secondary aims, differences in continuous and categorical variables between groups were evaluated using descriptive statistics, c 2 test, and t test. P aeruginosa-free time after treatment was calculated according to the KaplaneMeier productlimit method. Comparisons of estimated P aeruginosa-free curves were performed by means of the log-rank test. HRs and appropriate 95% CIs were also calculated by means of Cox's proportional hazard model. Figure 1 shows the trial profile. A total of 263 patients were assessed for eligibility in the period from 1 February 2008 to 31 March 2010 and 223 patients were randomisedd105 (47.1%) patients were assigned to arm A (oral ciprofloxacin and inhaled colistin) as active controls and 118 (52.9%) patients were assigned to arm B (oral ciprofloxacin and inhaled tobramycin) as test treatment. Two patients in each arm refused the treatment after randomisation. Table 1 shows patients' clinical characteristics.
RESULTS
Microbiological cultures were performed on pharyngeal swab specimens in 132 of 223 patients (59.2%) and sputum in 91 of 223 patients (40.8%). At baseline, P aeruginosa phenotype was non-mucoid and all strains were susceptible to ciprofloxacin, colistin and tobramycin.
One hundred and twenty-one of 223 patients (54.3%), 57 in arm A and 64 in arm B, had first-ever P aeruginosa infection while 102 (45.7%), 48 in arm A and 54 in arm B, had previously had P aeruginosa infection cleared with early eradication treatment. The age (mean 6 SD) of patients with first-ever P aeruginosa infection was significantly lower than in patients who had undergone previous eradication treatment (7.8967.4 years; 11.3368.5 years; difference: 3.44, 95% CI À5.54 to 1.34, p¼0.001). For the age (mean 6 SD) at first-ever P aeruginosa infection, we observed no statistically significant difference between females and males (7.1265.7 years; 8.5168.5 years; difference: 1.39, 95% CI À3.31 to 0.53, p¼0.15).
One hundred and twenty-eight of 223 patients (57.3%) 5 years or older, 60 in arm A and 68 in arm B, were able to perform spirometry.
Thirty-eight of 223 randomised patients (17%) dropped out of the study. Causes of dropout are shown in table 2.
Primary endpoint
P aeruginosa was eradicated in 66 of 105 patients (62.8%) in arm A and in 77 of 118 patients (65.2%) in arm B. The proportion of P aeruginosa eradication between the two groups was not statistically significant (OR 0.90, 95% CI 0.52 to 1.55, p¼0.81).
The results of interim analyses and the final analysis are shown in figure 2 .
Treatment result by age and FEV 1 values is shown in table 3. We observed no statistically significant difference in P aeruginosa eradication in the strata considered (Pearson c 2 ¼4.45, p¼0.35).
Subgroup analyses are reported in figure 3 . In patients with FEV 1 > 70%, the proportion of P aeruginosa eradication was higher although not statistically significant in patients in the test treatment arm in comparison to the active control arm (unadjusted OR 2.14, 95% CI 0.99 to 4.67, p¼0.07).
Secondary endpoints Effectiveness of treatment
At the end of the follow-up period, having performed cultures and patients' clinical examination at 2, 4 and 6 months, early eradication treatment was found to be effective in 80 of 121 patients (66.1%) with first-ever P aeruginosa infection (failure in 41 patients) and in 63 of 102 patients (61.7%) who had successfully undergone early eradication treatment (failure in 39 patients). Difference was not statistically significant (OR 1.20, 95% CI 0.69 to 2.09, p¼0.59).
FEV 1 change following treatment
Following treatment, after a mean time of observation of 54639 days, the mean FEV 1 (6SD) relative change (percentage of predicted) from baseline was 2.15% (68.50) in arm A and 4.55% (611.54) in arm B (p¼0.18).
Period in which patients remained P aeruginosa free After 6 months 143 of 223 patients (64.1%) were P aeruginosa free, 66 in arm A and 77 in arm B (HR 0.95, 95% CI 0.58 to 1.56 p¼0.85). Table 4 illustrates the percentage of P aeruginosa-free patients for each of the three cultures following early treatment in both arms of the study in a 6-month range.
Molecular analyses were performed on paired P aeruginosa samples isolated from 47 patients at baseline and within a 6-month period following treatment. The same P aeruginosa genotype was found in isolates from 36 patients, a different genotype in isolates from 11 patients. We evaluated the isolation frequency of other Gram-negative pathogens and Aspergillus spp during a period of 16 months (median) pre/post treatment. Following treatment, Stenotrophomonas maltophilia was found in 40 patients (17.9%) and Achromobacter xylosoxidans in 14 patients (6.2%). We observed no emergence of B cepacia complex. Table 5 illustrates the increase in isolation frequency of S maltophilia and A xylosoxidans in the airway cultures of 54 patients in the pre/post observation period indicated above. While the isolation frequency of A xylosoxidans appeared substantially unvaried, following treatment we observed an increase in S maltophilia isolations (OR 3.97, 95% CI 2.27 to 6.94, p¼0.001). Twenty-five of 80 S maltophilia isolations (31.3%) were observed in arm A and 55 (68.7%) in arm B.
Aspergillus spp isolates were found in 20 patients (8%) before treatment and in 31 (14%) after treatment (OR 1.63, 95% CI 0.90 to 2.97, p¼0.13).
In the 205 patients completing follow-up there were 52 Aspergillus spp positive cultures of 1025 in the pre-observation period and 59 of 1237 in the post-observation period (OR 1.06, 95% CI 0.72 to 1.56, p¼0.81).
As shown in table 6, no statistically significant differences were observed in the emergence of non-fermenters and Aspergillus spp in the two treatment arms (S maltophilia, OR 0.89, 95% CI 0.44 to 1.78, p¼0.88; A xylosoxidans, OR 1.52, 95% CI 0.51 to 4.57, p¼0.62; Aspergillus spp, OR 0.47, 95% CI 0.21 to 1.07, p¼0.10).
DISCUSSION
The present study is a comparison of two different schedules of early eradication regimens of inhaled antibiotics associated with oral ciprofloxacin in the treatment of initial P aeruginosa infection. No superiority of the treatment under study was demonstrated when compared with the reference treatment. A follow-up conducted using three cultures per patient over 6 months showed no differences between the two arms in relation to the period in which patients remained P aeruginosa free. Patients previously treated with early eradication treatment had the same microbiological outcome compared with patients with first-ever infection. Early eradication treatment is associated with an increase in S maltophilia in the airways. The high percentage of patients receiving intervention considering the number assessed for eligibility indicates treatment acceptability. The dropout percentage was due more to the lack of compliance with microbiological follow-up than to the treatment itself. A large number of P aeruginosa infections occurred in the 1e5 age range, as shown by other studies. 16 P aeruginosa strains isolated at baseline were susceptible to antibiotics. Only a small percentage of bacterial strains associated with initial infection are resistant to antibiotics. 3 25 However, as susceptibility in early isolates cannot be presumed, susceptibility tests should continue to be performed to assist the choice of treatment. 26 We observed no differences in the primary outcome between patients with first-ever P aeruginosa infection and patients previously treated. This underlines the importance of paying great attention in the initial phases of infection, even in previously treated patients.
The eradication rates in both arms of the study were lower than some other published trials. Eradication rates are not easily comparable as many differences exist in the literature regarding study design, schedule and length of eradication treatments, follow-up period, methods used to collect airway specimens, patients' clinical characteristics and definition of eradication. In our study the analysis was by intention to treat, which may have affected the percentage of eradication. 24 Moreover, patients included in this trial were treated using a single cycle of antibiotics. Experiences published in the literature underline a greater efficacy of oral ciprofloxacin and inhaled colistin when treatment is extended to 3 months. 4 12 27 Recent studies conducted only with inhaled tobramycin showed no improvement in the microbiological outcome when treatment length was extended from 28 to 56 days. 10 It is debatable whether such contrasting results for the microbiological outcome after treatment extension depend on associated use of antibiotics rather than using a single drug. The evaluation of treatments beyond 28 days is not included in the aims of the present study.
Following treatment, we observed an increase in FEV 1 values in both arms. Limited data exist about the efficacy of early eradication treatment in preventing lung function decline. 4 10 12 A longer follow-up is required to evaluate the effect of this treatment on lung function. Moreover, considering that pulmonary function testing cannot usually be performed on children under 5 years, FEV 1 may not be the ideal marker to evaluate lung function in eradication trials. Our data confirm that next P aeruginosa isolation within 6 months from the eradication treatment is mainly due to treatment failure. 3 The possibility that after early eradication treatment next P aeruginosa infections could be due to different P aeruginosa strains is described in the literature, indicating the efficacy of treatment. 8 10 12 28 Considering that molecular typing techniques are not easily carried out in clinical practice, culture results remain the standard for evaluating treatment efficacy.
We observed no substantial differences in the primary outcome regarding sex, patient age and stratification by age and FEV 1 values. In the subgroup analyses we observed a trend in arm B towards a greater efficacy in P aeruginosa eradication in patients with FEV 1 values >70% of predicted. A higher effectiveness of nebulised tobramycin in comparison with colistin has been described as improving lung function in patients with chronic P aeruginosa infection. 29 30 The results of such studies cannot be generalised to the treatment of early phases of P aeruginosa infection.
The clinical meaning of the emergence of other non-fermenter Gram negatives has yet to be established. Data regarding A xylosoxidans are limited 19 and as far as S maltophilia is concerned, contrasting opinions exist about pathogenicity. 31e33 The causes of the increased isolations of non-fermenter Gram negatives are not clear. It has been hypothesised that selective pressure exerted on bacterial populations by aerosolised aminoglycosides could determine the emergence of S maltophilia, but results from previous studies are contrasting. While the ELITE trial showed no S maltophilia increase during the follow-up, the EPIC trial observed the emergence of the pathogen in up to 20% of patients. 10 17 Quinolones have also been associated with an increased risk of S maltophilia. 33 We cannot exclude that the increasing isolation of such pathogens may be caused by crossinfections among patients in CF centres or by contamination of aerosol devices. 34 However, molecular studies to evaluate the possibility of cross infections among patients and microbiological surveillance of aerosol devices were not part of our study.
The duration of the follow-up and the lack of internationally accepted definitions for the chronicity of such infections make clinical outcome evaluation difficult.
By delaying chronic P aeruginosa infection, early eradication treatment constitutes a positive result for patients. Currently, we lack direct evidence of the effect of eradication on patients' survival. According to recently published data, even mucoid P aeruginosa strains can be eradicated, but with a lower percentage of success compared with the treatment of non-mucoid phenotype strains. 13 35 Further research is necessary to assess the effect of early antibiotic treatment on respiratory exacerbations and antibiotic use. Even though a gold standard has yet to be established, data from our study indicate that treatment efficacy does not seem to depend on the drugs used, or having previous eradication treatment, or the patients' stratification according to age and FEV 1 values.
The extent to which treatment timelines can affect the microbiological outcome needs to be established. 
